OBJECTIVES: Cardiac surgery has little effect on life expectancy in elderly patients. Thus, improving the quality of life should be the main factor affecting therapeutic decisions. Most studies on quality of life in elderly patients undergoing cardiac surgery report improvement but have limitations. Consequently, we assessed improvements in the quality of life of elderly patients undergoing elective cardiac surgery, identified influencing variables and established patterns of mental and physical health variations in the first year postoperatively.
INTRODUCTION
The Organization for Economic Co-operation and Development defines elderly people as those aged 65 or more [1] . This population group is growing worldwide in both number and percentage and currently accounts for 18.7% of the Portuguese population. The number of elderly patients undergoing cardiac surgery has also increased, accounting for more than 50% of the total number of patients undergoing cardiac surgery [2] .
Many studies suggest that cardiac surgery can be performed safely in elderly patients with acceptable mortality and morbidity; however, these results were obtained from selected groups [2, 3] . There are studies with highly selective cohorts where the survival rates are similar to those of the general population of the same age [4] . The objectives of cardiac surgery are to increase the survival rate of patients and improve their quality of life. In elderly patients, cardiac surgery has little effect on life expectancy, as most patients have nearly reached their life expectancy; consequently, an improvement in the quality of life is of greater importance [5, 6] .
Most published studies on quality of life in elderly patients undergoing cardiac surgery show a significant improvement in the quality of life. These studies have several limitations such as varying definitions of elderly, a lack of quantitative results and the inclusion of urgent procedures, which are normally associated with poorer outcomes and mortality [5, 6] . These data suggest the need for prospective studies that focus on patients undergoing elective procedures using validated, reliable and reproducible measures of quality of life, such as the 36-Item Short Form (SF-36) Survey [5, 6] . Some authors have suggested that studies on quality of life should include preoperative evaluation, definitions of their inclusion and exclusion criteria, the percentage of missing data, justification for why data were missing and how data were interpreted [7] . Studies using correct methodologies may conclude that some patients currently considered as ineligible for surgery can actually be operated on and benefit from the intervention [8] .
Considering the importance of quality of life in this group of patients and the limitations of previous studies, we undertook a prospective study to determine whether there is an improvement in the quality of life in elderly patients after elective cardiac surgery and investigated which variables influence it. As a secondary objective, we evaluated the patterns of mental and physical health variations during the first year postoperatively.
METHODS
We conducted a prospective quality-of-life study in patients undergoing elective cardiac surgery from 1 September 2011 through 31 August 2013. Patients aged 65 years or older who underwent elective coronary artery bypass grafting surgery, valve surgery or combined coronary artery bypass grafting surgery and valve surgery were included. The indications for surgery in the patients of our sample were the guidelines published by the European Society of Cardiothoracic Surgery and the American Heart Association [9, 10] . The patients who underwent urgent and emergent procedures were deliberately excluded. Clinical data were collected from our department database, and variables were defined according to the Society of Thoracic Surgery. The mortality risk was calculated with EuroSCORE I [11] . The study was approved by the hospital's ethics committee, and all included patients gave their informed consent.
The evaluation of quality of life was done with the SF-36 test, which was previously validated for the Portuguese population [12] . This test evaluates 8 dimensions of general health: physical function, role-physical, bodily pain, general health, vitality, social functioning, role-emotional and mental health. These 8 dimensions were aggregated using a validated algorithm in 2 summary components: physical and mental [13] . Patients answered the questionnaire in the evening prior to surgery and again at 3, 6 and 12 months postoperatively. The questionnaires were administered via face-to-face interviews and, when that was not possible, via telephone interviews. Quality-of-life data collection ended on 31 August 2014. The missing data were corrected with mean value incorporation of each question, as recommended by the SF-36v2 administration guide [14] .
Statistical analysis
The variables were described by means and standard deviation (SD). Normality was tested with the Kolmogorov-Smirnov test. The comparison of the 8 SF-36 dimensions with the 2 summary measures at the 4 established times was done with the nonparametric Friedman test, and multiple comparisons were made afterwards using one-way analysis of variance. Before one-way analysis application, we made a rank transformation of the data, which accounts for the issues associated with variables with nonnormal distribution.
Simple linear regression considered the beta value, t-value, significant P-value of 0.05 and determination coefficient (R 2 ). The variable selection for the model was made by both stepwise and backwards methods. The normality and homogeneity were characterized by a graphic analysis, and the independence of residuals was validated with the Durbin-Watson statistics. Multicollinearity was assessed with the variance inflation factor. Statistical calculations were done with SPSS version 18 V R for Windows (SPSS Corp., Chicago, IL, USA).
RESULTS
The preoperative sample consisted of 430 patients. Twelve months post-surgery, this number was reduced to 384. Three months post-surgery, only 402 patients answered the survey because 22 patients had died, 5 were hospitalized, and 1 showed cognitive dysfunction. Six months post-surgery, the group consisted of 390 patients. Seven had died, 4 were hospitalized, 1 was abroad, and 1 refused to answer the survey; however, 1 patient who remained hospitalized 3 months post-surgery answered the survey. Twelve months post-surgery, there were 384 patients remaining, as 10 had died. Four patients who remained hospitalized 6 months post-surgery answered the survey ( Fig. 1 ). At this final follow-up, 1.8% of the questions on the SF-36 were missing.
The mean age for the initial sample of 430 patients was 74 years (SD 5.5). Population characteristics are summarized in Table 1 .
The mean EuroSCORE I was 5.96% (SD 4.15), the mean length of hospital stay was 9.44 days (SD 5.58), and the mean intensive care unit (ICU) stay was 3.2 days (SD 4.52). The mortality rate at 30 days post-surgery was 3.9% (17 patients), and the 1-year survival rate was 90.8% with 22 late deaths.
Quality of life Figure 2 shows that 61-85% of patients improved in all dimensions, and 4-26% of patients remained unchanged; 12-26% of patients worsened in various dimensions. Table 2 shows the number of patients with improvement or worsening of the composite physical and mental components 12 months after surgery. Table 3 reports the median and percentiles (25 and 75) for the 8 dimensions of the SF-36 at the 4 time points. Figure 3 illustrates the evolution from the preoperative phase through 12 months after surgery. The last column of Table 3 and the graph in Fig. 3 show that most of the improvement was observed in the first 3 months after surgery.
Statistical analysis
We applied the Kruskal-Wallis test to evaluate whether there was a significant difference in the preoperative results of the 8 dimensions between procedures. Only on physical function, there was a significant difference, and multiple comparisons evidenced that patients programmed to valve surgery had better results (P < 0.05). We analysed the evolution of the 8 dimensions of the SF-36 throughout the first year after surgery, considering the 4 time points at which the test was completed. Normality was rejected for all 8 dimensions (P < 0.001). The Friedman test showed a significant difference for all dimensions at 1 or more of the time points (P < 0.001). Multiple comparisons of the 8 dimensions at the 4 time points showed that the results at 3, 6 and 12 months were significantly better than those obtained preoperatively. The comparison between Months 3 and 6 showed a significant improvement in physical function, role-physical, bodily pain, social function and role-emotional but no significant differences in general health, vitality or mental health. The comparison between Months 6 and 12 showed a significant improvement only in bodily pain. No significant differences were found in the other 7 dimensions. The last column of Table 3 suggests that between 84% and 100% of the improvement for all dimensions occurred from the preoperative phase until 3 months after surgery. The analysis of the summary measuring 'mental and physical components' was also addressed using multiple comparisons. In the physical component, there was a significant improvement during the first year after surgery: preoperative to 3 months (P < 0.001), 3-6 months (P = 0.02) and 6-12 months (P = 0.001). In the mental component, there was a significant improvement only from preoperatively until 3 months after surgery (P < 0.001). We found no significant improvements from Months 3 through 6 (P = 0.19) or from Months 6 through 12 (P = 0.36).
Multivariate analysis
We conducted a multivariate analysis with linear regression. We considered both the physical and mental component results at 1 year as the dependent variable. In the univariate evaluation, we tested the following variables: preoperative physical and mental component results, sex, age, procedure, education level, earnings, EuroSCORE I, body mass index, the New York Heart Association and Canadian Cardiovascular Society class, ICU stay and the total length of hospital stay. We identified the following significant Our equation can explain 18% of the variance in the physical component, which is a low value. In the mental component, it explains only 6.1% of the variance, which is weak, and we can thus conclude that the variables that could explain it have not been included in our model.
DISCUSSION
Our study aimed to evaluate the health improvement of elderly patients who underwent elective cardiac surgery for up to 12 months after surgery. We found that the majority of patients improved in both mental and physical health. We found a significant improvement in the 8 dimensions of the SF-36 at all postoperative time points when compared with the preoperative data. Most of the improvement was observed at 3 months after surgery for each dimension, varying between 76% and 100% of total improvement. In the physical component, there was a significant improvement up to 12 months after surgery; however, most of the improvement took place in the first 3 months. In the mental component, there was an improvement at 3 months after surgery and no significant change thereafter; 61-85% of the patients improved in each dimension, and 10-26% of the patients worsened. [15, 16] . We confirmed the results of the study performed by Falcoz et al. [17] , in which a group of patients undergoing elective surgery showed an improvement in all dimensions 1 year after surgery. A study performed by Petersen et al. [18] that had a 6-month follow-up reported an improvement in the mental component up to 6 weeks after surgery, after which there were no significant changes. Petersen et al. [18] also found a continuous significant improvement in the physical component up to 6 months after surgery. Our study shows comparable results; however, our postoperative follow-up period was longer, and we suggest that the physical component continues to improve for a small but significant time period from 6 to 12 months, while the mental component remains unchanged. Different studies report different percentages of patients whose physical and mental health improve, as measured by the SF-36. Welke et al. [19] reported an improvement in physical health in 73.3% of patients, while only 41.6% had an improvement in their mental health 6 months after surgery. Skodová et al. [20] reported physical improvement in 40% of patients and mental improvement in 36% of patients at 12 months after surgery. The percentage of patients in our study that showed improvement is higher than that described by these authors. The model for the physical component explains 18% of the variance, which is not different from the results of others [21] . Our multivariate analysis model for the mental component revealed a weakness because it only explained 6.1% of the variance. This can be explained by the fact that we did not evaluate patients for depression and anxiety, both of which have been proven to influence the outcomes of cardiac surgery. Penckofer et al. [22] reported that 25% of women undergoing cardiac surgery continued to express severe psychological distress 3 months after surgery. Considering that our sample was 50% female, this may have influenced the mental health results. We could also verify that the percentage of patients that get worst in the physical component, 10%, is much less than 27% in the mental one. These can be explained by the unavoidable mental deterioration of our elderly population that probably can be accelerated by a major procedure, such as cardiac surgery.
We conducted a prospective and highly controlled study with the final sample being 88.7% of the initial number included. Only patients undergoing elective surgery were included, eliminating the possible bias induced by urgent and emergent patients who have shown worse outcomes and mortality [5, 6] . The sample was 50% male and included procedures with different complexities, such as isolated coronary or valve surgery as well as combined valve and coronary surgery. Almost two-thirds of patients underwent isolated valve surgery, which is different from other studies with predominantly ischaemic patients. Previous studies frequently report lower preoperative test results that evaluated the quality of life in women; however, when analysing an improvement, most reports do not show evidence of significant differences [23] . The implication of the procedure type on health improvement is not unanimous in the various published studies. Some authors report no differences, and others suggest that patients undergoing valve surgery recover better than those undergoing coronary surgery [17, 23] . In our study, the sample characteristics may have influenced the results, but we could not find differences in procedure or sex that were significant on the physical component results at 12 months after surgery. We used the SF-36, which is a validated test for the Portuguese population and is a reproducible, reliable and recommended general health test in cardiac surgery, to evaluate the quality of life [6, 7] . The SF-36 is a generic health test that has advantages over disease-specific tests. Generic tests allow to compare different diseases as well as treatment gains and to measure the interdependence between health dimensions, for instance, influence of cardiovascular disease on mental health [24] . All patients included in the study underwent a preoperative evaluation, and missing data were managed according to the recommendations [5, 6, 14] .
The studies on quality of life in elderly patients after cardiac surgery are often retrospective, have different age definitions for elderly patients, include many types of procedures, use non-validated tests and have a loss to follow-up rate of more than the 15% limit for ideal treatment received analysis [5, 6] . The heterogeneity in methodology makes comparisons between studies difficult and weakens the possible conclusions that may be drawn from systematic reviews. We used a methodology designed to overcome most of the weaknesses of the previous studies, following criteria suggested by Noyez et al. [7] for studies on quality of life in cardiac surgery.
To maximize health gains, cardiac rehabilitation is recommended after valve and coronary surgery, especially for patients who have had previous episodes of heart failure [25] . Unfortunately, cardiac rehabilitation is still infrequently used due to multiple barriers [26] . The questions that remain concerning cardiac rehabilitation relate to which patients can benefit most from it and the best timing for its implementation [27] . Our study helps to answer these questions. First, we identified the first 3 months after surgery as the period when the most improvement occurs, and second, we identified the patient characteristics that impact physical and mental health results. These 2 findings should be considered when implementing rehabilitation programmes in the future. Based on our results, we are also able to counsel patients better and manage their expectations before surgery. Multicentre studies focusing on elderly patients that use the correct methodology and include an evaluation for anxiety and depression as well as frailty will most likely enable the development of better predictive models for this population [28, 29] .
We can recognize as a weakness of our study the fact that we did not consider the impact of surgery on survival improvement, which exists because our sample includes patients older than 65 years but Portuguese life expectancy for women is 84.3 and for men it is 78.1. However, the focus of our study was on quality of life as an outcome. Another possible limitation of our study is the application of a general health test based on the perceptions of patients, repeated at 4 time points, rather than using a cardiovascular-specific evaluation test. However, SF-36 has been proven to be a reliable test for the evaluation of cardiovascular disease, and it is used in the majority of cardiac surgery studies [30] . Caution should be exercised when extrapolating these results to other populations as these results are from a single centre with specific acceptance criteria for surgery. About one-quarter of patients have a decline in their mental health at 12 months. This is an important finding as it raises the issue of what relationship may exist between cardiac surgery and the onset of dementia. Documenting in a more complete way and understanding this potential relationship are topics for future research as it is out of the scope of the current study. Finally, a larger sample size could lead to more precise conclusions.
CONCLUSION
In conclusion, elective cardiac surgery improves the quality of life in patients older than 65 years, with better postoperative results in all SF-36 dimensions, as well as in summary physical and mental measures. The highest improvement occurs in the first 3 months following surgery. Poor preoperative physical health, older age, female sex and longer length of hospital stay all had a negative influence on physical health. Poor preoperative mental health status and intensive care length of stay had a negative impact on mental health outcomes. To achieve better results, rehabilitation programmes and patient counselling should take into account this pattern of improvement throughout the first 12 months after surgery.
